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ABSTRACT

(57)

A method for identifying intercell defects in a memory
device activates a plurality of spaced-apart rows simulta-
neously. Each of the rows includes cells that are written to
logic states corresponding to high voltages. Cells 1n rows
adjacent to the activated rows are written to logic states
corresponding to low voltages. After the rows are activated,
a testing interval passes to allow charge from cells of the
activated rows to leak to adjacent cells through any stringers
or other defects. In a device according to the invention, a
variable voltage level circuit 1s incorporated 1n a precharge
and equalization circuit to allow both inverting and non-
inverting digit lines of the memory array to be set at the same
voltage levels. Because the inverting and non-inverting digit
lines are held at the same voltage levels, the number of word
lines that can be activated for testing is increased, thereby
reducing the overall time for testing. In one embodiment of
the method according to the mnvention, the memory array 1s
written to a checkerboard pattern and every fourth word line
1s activated during testing. Because every fourth word line
contains cells having a high voltage and the corresponding
digit lines are also at high voltages, the load on the digit lines
1s small. Consequently, sense amplifiers coupled to the digit
lines can maintain high voltages on the digit lines to replace
any charge lost due to defects.

19 Claims, 11 Drawing Sheets
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METHOD AND APPARATUS FOR
DETECTING INTERCELL DEFECTS IN A
MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 08/915,313, filed Aug. 20, 1997, now U.S. Pat.

No. 6,079,037 filed Jun. 20, 2000.
TECHNICAL FIELD

The present invention relates to mtegrated circuit devices,
and more particularly, to methods and structures for testing
integrated memory arrays.

BACKGROUND OF THE INVENTION

Various types of defects and failures can occur during the
manufacture of semiconductor devices. A “failure” occurs
when a semiconductor device fails to meet specifications. A
“defect” occurs when a semiconductor device has an
improper circuit structure that currently presents a failure of
the device, or has the potential to cause failure during the
expected lifetime of the device. In a memory device for
example, manufacturing errors may produce a polysilicon
residue or “stringer” between a pair of adjacent memory
cells. The stringer provides a current path between the
adjacent cells so that a “low” voltage written to one cell
lowers a “high” voltage on the adjacent cell to a high value,
resulting 1n incorrect data being stored in the memory
device.

Testing 1s performed on semiconductor devices to locate
such defects and failures. As circuit density on semiconduc-
tor devices 1ncreases, the number of defects and failures can
mcrease. Semiconductor manufacturers, therefore, have an
increasing need to detect defects and failures 1n semicon-
ductor devices.

Dynamic random access memory devices (‘DRAMSs”) are
one type of device on which such tests are performed.
DRAMSs typically include one or more arrays of memory
cells that are each arranged 1in rows and columns. Word or
row lines extend along each of the rows to enable all of the
memory cells along the row. Bit, digit, or column lines (or
pairs of lines) extend along the columns of the array to select
individual memory cells along a row which data 1s to be read
from or written to.

During testing, predetermined data or voltage values are
applied to selected row and column addresses, that corre-
spond to certain memory cells to store or “write” data 1n the
cells. Then, voltage values are read from such memory cells
to determine it the data read matches the data written to
those addresses. If the read data does not match the written
data, then the memory cells at the selected addresses likely
contain defects, and the semiconductor devices fail the test.

A person testing the several die on the wafer can then
examine a particular die by means of a microscope to
determine 1f failures occurred from masking defects, during
the deposition of certain layers, and so forth. During the
initial development of a semiconductor device, and while
the device 1s 1n die form, changes to masks or the fabrication
process can be made to compensate for most detected
failures. Once a semiconductor device 1s 1 production and
packaged as a chip, redundant circuitry on the semiconduc-
tor device can be employed to replace certain failed com-
ponents. Such redundant circuitry cannot replace all failed
components, and therefore, some failed devices must gen-
erally be discarded.
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To 1ncrease output of acceptable devices, semiconductor
manufacturers try to rapidly test the devices for defects
before shipping them to a vendor or user. The semiconductor
devices are often tested by automated testing circuitry that
applies predetermined voltages and signals to the chip,
writes test patterns to the chip, and analyzes the results
therefrom to detect failures 1n the chip.

Returning to the above-described problem of stringers
between adjacent cells, the conductive path formed by such
stringers may have a high resistance. The low voltage on a
first cell will then take an extended period to decrease the
voltage of an adjacent second cell. Therefore, such intercell
defects may not be revealed by tests that read the voltage of
the second cell shortly after writing voltage to the first cell.
As a result, after applying a voltage to the first cell, auto-
mated testing circuitry must wait before looking for voltage
changes at the adjacent cell. Typical wait times, or “testing
intervals,” between writing to the first cell and reading from
the second cell are 48—64 msec. If such a procedure were
applied sequentially to each cell in the memory array, testing,
of devices would take over 10 hours for every million cells.
The cost of such testing would be prohibitive.

One approach to reducing the time for testing such
devices 1s to prewrite an enfire row of the memory array to
logic states such that all of the cells 1n the first row are at a
high voltage V', that 1s equal to the supply voltage V..
Then, an adjacent row 1s written to logic states such that all
of the cells in the adjacent row are at low voltages V', - that
are equal to a reference voltage V.. Then, after the testing
interval, the data in the second row are read to see if any
current leakage has caused changes 1n the cell voltages.

During the testing interval, the charge leaking from the
first row’s cells must be removed from cells 1n the second
row, as will now be explained with reference to FIG. 1. As
shown by the upper broken line 1 FIG. 1, if the leaking
charge 1s not removed, the voltage V', - of the low voltage
cell will rise as the voltage V',,, .., of the high voltage cell
riscs. The two voltages will asymptotically approach a
voltage DVC2 which 1s approximately halfway between
V.~ and V.., assuming equal capacitances of the cells. As
a result, the low voltage cell remains below the voltage
DV(C2 and the high voltage cell remains above the voltage
DV(C2. When the high voltage cell 1s coupled to its respec-
tive digit line (which is precharged to DVC2) for reading,
the high voltage V',,,~- will pull the digit line up. A sense
amplifier coupled between the digit line and an adjacent
complementary digit line will read the data as unchanged,

even though a stringer 1s present. Consequently, the defect
will not be 1dentified.

To overcome this problem, the second word line remains
active over the first testing interval. Because the second
word line 1s active, the low digit lines (kept low by the sense
amplifiers) remove any charge leaking from the cells in the
first row, and as represented by the solid line 1n FIG. 1, the
voltage V, ,u of the low voltage cell remains low. The
voltage V..~ Of the high voltage cell falls asymptotically
toward V.. and eventually becomes less than the voltage

DVC2.

At the end of the testing interval, the second row 1is
deactivated to 1solate the cells from the digit lines and the
digit lines are equilibrated. Then, data are read from the cells
of the first row.

If stringers couple any of the originally activated cells of
the first row to the cells 1n the second row, the cells in the
first row will discharge to a low state. Consequently, one or
more cells 1in the first row will contain incorrect data.
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Therefore, the data read from the first row will indicate the
presence or absence of intercell defects.

After data are read from the first row, data are written to
all of the cells 1mn third and fourth rows so that the cells
contain opposite voltage levels. The third row 1s then read to
set the digit line voltages. Again, the word lines remain ON
for the entire testing interval to keep the high voltage cells
coupled to the digit lines. After the testing interval, the third
row 1s turned OFF and data are read from the cells 1 the
fourth row to see 1f all of the data are unchanged. The
above-described process 1s repeated until all of the rows of
the array have been either written to or read from.

In the above-described process, all of the even rows
(starting from row () are activated and all of the odd rows
are read. This process test of intercell defects between only
half of the adjacent row combinations. For example, the
process does not 1dentify intercell defects between the
second and third rows. Therefore, the process 1s typically
repeated by writing data to all of the odd rows and reading
data from the immediately subsequent even rows.

For a memory array having 4,096 rows and using 64 msec
intervals, each of the above-described passes would take at
least 131.07 secs. The overall time to test all of the rows 1s
then at least 262.14 secs, or over four minutes per memory
array. While the time savings in the above approach are
significant as compared to the approach of individually
activating each cell 1n sequence, a testing time of over four
minutes per part 1s significant. Also, this time roughly
doubles when an analogous test procedure 1s applied to
detect mtercell defects between columns, assuming a 4096
by 4096 array (ie., a 16 M bit device). Moreover, the time
consumption will continue to increase as the number of cells
in the memory array increase.

SUMMARY OF THE INVENTION

A method and structure for identifying intercell defects 1n
a memory array raises a plurality of cells along a first digit
line to a first voltage and couples a plurality of cells along
a complementary digit line to a second voltage. A plurality
of word lines are then activated to sustain the voltages of the
cells along the first digit line during a testing interval. At the
end of the testing interval, data are read from the cells along
the second digit line to see if any of the voltages have
changed due to leakage through an mtercell defect.

In one embodiment of the invention, the memory mcludes
a memory array that 1s inmitially written to a checkerboard
pattern. Then, a first word line 1s activated to couple cells in
a first row to respective digit lines. Next, sense amplifiers are
activated to sustain the voltages of the digit lines while
selected additional word lines are activated. In one
embodiment, every other word line 1s activated. In another
embodiment, every fourth word line 1s activated. The word
lines remain active over the entire testing interval so that the
sense amplifiers can replace charge that leaks from any of
the cells. After a selected testing interval the word lines are
deactivated, the digit lines are equilibrated and data are read
from cells of 1activated rows to see 1f any of the data have
changed.

One embodiment according to the invention includes a
biasing circuit that can selectively drive all of the digit lines
to a low voltage. Because both the digit lines D, D in each
complementary pair are at a high voltage, cells in the
original checkerboard pattern are not pulled low when the
corresponding word lines are activated.

One embodiment of the biasing circuit includes an input
logic circuit that receives three logic signals and outputs
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4

three control voltages in response. The control voltages
drive gates of respective transistors, each coupled to a
common node 1n a precharge circuit. The transistors respond
to the control voltages by providing high voltage, precharge
voltage or ground to the common node. The precharge
circuit then couples the common node to the digit lines to set
the digit line voltages.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a signal diagram showing two sets of curves
representing voltages on two adjacent cells where the solid
lines show voltages when a low cell voltage 1s sustained and
where the broken lines show voltages where the low cell
voltage 1s allowed to rise.

FIG. 2 1s a block diagram of a conventional integrated
memory device.

FIG. 3 1s a top plan view of a section of a memory array
within the device of FIG. 2 showing intersecting row and
column lines and corresponding active areas defining cells
of the memory array.

FIG. 4 1s a side cross-sectional and top plan view of an
integrated cell pair.

FIG. 5§ 1s a schematic of an individual cell of the device
of FIG. 2.

FIG. 6 1s a schematic of two adjacent cells with an
equivalent resistance representing a defect extending
between the two cells.

FIG. 7 1s a diagrammatic representation of voltages writ-
ten to the memory array of FIG. 2 showing voltages of
opposite states written to adjacent rows.

FIG. 8 1s a flowchart presenting a method of testing

intercell defects 1n the array of FIG. 7 according to one
embodiment of the invention.

FIG. 9 1s a flowchart presenting a method of testing
intercell defects 1n the array of FIG. 7 according to another
embodiment of the invention where inverting and non-
mverting digit lines are both held low.

FIG. 10 1s a schematic of circuitry for selectively setting,
digit line voltages in a memory array for the method of FIG.

9.

FIG. 11 1s a diagrammatic representation of voltages
written to a memory array including the circuitry of FIG. 10.

FIG. 12 1s a flowchart presenting a method of testing,
intercell defects 1n the array of FIG. 7 according to another
embodiment of the invention where a fourth of the word

lines are tested during each pass.

FIG. 13 1s a block diagram of a computer system employ-
ing a memory device according to the embodiment of FIG.

10.

DETAILED DESCRIPTION OF THE
INVENTION

As shown 1 FIG. 2, a memory device 40 includes as its
central storage element a memory array 42. The memory
device 40 may be a conventional memory device tested
according to the inventive method or may include test
condition circuit 122 as described below with reference to
FIG. 10. In either case, the memory device 40 operates under
control of a logic controller 44 that receives command
signals that control reading from and writing to the memory
device 40. Among the command signals are a write enable
signal WE, a column address strobe signal CAS, a row
address strobe signal RAS and an output enable signal OE.
The overbars for the strobe signals CAS and RAS and output
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enable signal OF indicate that these signals are low-true
signals, 1.¢., the strobe signals CAS, RAS and output enable
signal OE go to a low logic level when true.

In addition to the command signals, the memory device
40 also receives addresses A,; from an address bus 46 and
receives and outputs data on a data bus 48. The received
addresses may be row or column addresses. If an address A,
1s a column address, the address 1s stored in a column
address buffer 50. If the address 1s a row address, the address
1s stored 1n a row address buffer 52.

Addresses stored 1n the column address buffer 50 are
forwarded to a column decoder 54 that decodes the
addresses and provides the decoded addresses to an I/0
interface 56. The I/0 mterface 56 includes I/O elements such
as sense amplifiers, precharge and equilibration circuitry,
and 1nput and output gating, as will be discussed 1n greater
detail below. The I/O 1nterface 56 allows the logic controller
44 to control reading from or writing to the memory array 42

in response to the command signals WE, CAS, RAS, and
OE.

If the address A,, received at the address bus 46 1s a row
address, the row address bufler 52, under control of the logic
controller 44, transmits the row address to a row decoder 58.
The row decoder S8 decodes the row address and activates
a corresponding row of the memory array 42 1n response.

For write operations, data are received at the data bus 48
and stored in an input data buffer 60. When the logic
controller 44 determines that the I/O interface 56 1s
available, the logic controller 44 activates the input data
buffer 60 to transfer the mnput data to the I/O interface 56. As
will be discussed below, the I/O 1ntertace 56 responds to the
decoded column address from the column decoder 54 and
the mput data from the input data buffer 60 to write data to
the corresponding locations in the memory array 42.

If the logic controller 44 determines that an operation 1s
a read operation, the I/O interface 56 reads data from the
location 1dentified by the decoded column address and
transfers the read data to an output data buffer 62. In
response to the output enable command OE, the output data
buffer 62 makes the output data available at the data bus 48.

In addition to the above-described elements, the memory
device 40 also includes conventional clock generators 64,
66, a refresh controller 68, and a refresh counter 70 that
control internal timing of the memory device 40 and refresh-
ing of data in the memory array 42.

Turning now to the detailed view of FIG. 3, the memory
array 42 1s formed 1n a silicon substrate by row or “word”
lines 74, column or “digit” lines 76, and 1ntegrated cells 72.
Alternating ones of the digit lines 76 are inverse digit lines
76. That 1s, the inverse digit lines 76 correspond to a
low-true digit signal D, while the non-inverted digit lines 76
correspond to high-true digit signals D. The individual cells

72 are located at each intersection of a respective word line
74 and digit line 76.

As can be seen 1n the cross-sectional view of FIG. 4, each
of the cells 72 mcludes a respective storage capacitor 86
formed from a storage plate 78 and a reference plate 80
separated from each other by a dielectric layer 81. Each of
the cells 72 also includes a switching transistor 90 coupled
between the storage capacitor 86 and a corresponding digit
line 76. A conductive via 82 couples each digit line 76 to a
drain region 84 that forms the drains of two adjacent cells
72. The source of the switching transistor 90 1s coupled
directly to the storage plate 78 and the gate of the switching
transistor 90 1s coupled to the corresponding word line 74.
As shown 1n FIG. 4, the storage plate 78 1s formed directly
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6

atop the source 88 of the integrated cell’s transistor 90.
However, a variety of other plate structures, such as
“T-shaped” plates may be used.

The equivalent circuit of the left uppermost cell 1s shown
in FIG. 5 where the gate of the switching transistor 90 is
controlled by a first word signal WL0 and the reference plate
80 1s coupled to a reference voltage V... In normal
operation, when the first word line signal WLO 1s high, the
switching transistor 90 1s ON, coupling the storage plate 78
to the digit line 76. The storage plate 78 1s thus charged or
dischareged through the switching transistor 90 until the
voltage of the storage plate 78 equals the voltage of the digit
line 76. If a “1” 1s to be written to the cell 72, the digit line
76 1s driven with a high digit signal D to charge the storage
plate 78 to a high voltage. If a “0” 1s to be written to the cell
72, the digit line 76 1s driven by a low digit signal D to pull
the voltage of the storage plate 78 low.

Returning to FIG. 3, one possible defect which can occur
in the structure of FIG. 3 1s a stringer 92. Stringers are
typically conductive regions that extend between adjacent
storage plates 78 forming a resistive path therebetween.
Usually, stringers are the result of incomplete removal of the
storage plate conductor during patterning of the storage
plates 78.

As shown 1n the equivalent circuit of FIG. 6, the stringer
92 forms a resistive path having a resistance R between the
storage plates 78 1n adjacent rows. A failure due to the
stringer 92 may occur when the cells 72 1n adjacent rows are
written to the same state, €.g., a “1” and a “0,” respectively,
so that different voltages are stored on the capacitors 86a and
86b. . More specifically, if a “1” 1s written to the left cell 72,
the storage plate 78 of the left cell stores a high voltage, as
described above. If a “1” 1s written to the right cell 72, the
storage plate 78 of the right cell 72 stores a low voltage. The
above discussion assumes that adjacent cells are coupled to
complementary digit lines D, D. One skilled in the art will
recognize that to produce opposite voltages on the capacitors
86a, 86D, the speciific data written to each of the cells 72 may
be of opposite logic states for memory structures where
adjacent cells are coupled to the same digit line D or D. The
voltage difference between the two storage plates 78 causes
current to flow through the stringer 92 until the voltages of
the storage plates 78 are equal.

The storage plate voltages do not equalize 1mmediately.
Instead, charge transfers according to the RC time constant
of the stringer resistance R and the capacitances of the
storage capacitors 86 as shown in FIG. 1. Typically, the time
for equalization of the voltages 1s much less than 64 msec.
Therefore, testing for such stringers over a 64 msec period
1s suitable for the tests described below.

To test coupling between adjacent cells, data correspond-
ing to the low voltage V... 1s written to a first of the cells
72 and data corresponding to the high voltage V.. 1s written
to the adjacent cell. Then, the second word line WL1 1s
pulled low to turn OFF the right transistor 90, thereby
isolating the capacitor 865 from the inverted digit signal D.

Next, the first word line signal WL0 1s set high to turn ON
the left transistor 90 thereby coupling the left storage plate
78 to the digit line 76. A sense amplifier 94 sets the digit
signal D low and the complementary digit signal D high in
response. Unlike normal reading, the first word line signal
WLO0 remains high long after the sense amplifier 94 sets the
digit line voltages. This allows the digit line 76 to continu-
ously discharge the left capacitor 86, thereby removing any
charge that leaks through the stringer 92 from the right
capacitor 86, as described above with reference to FIG. 1.
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After approximately 64 msec, the first word line WL(
returns low to turn OFF the left transistor 90. Then, the digit
lines 76 are equilibrated, and the word line WL1 1s set high
to read data from the right cell 72. The data are output to the
output data buffer 62 through the I/O interface 56 (FIG. 2).
[f the output data from the right cell 72 1s a “0,” a defect (i.e.,
a stringer) is identified. As noted above, the above operation
takes about 64 msec. Therefore, 1f each cell pair were to be
tested separately, the testing period would be prohibitively
long.

To reduce the overall testing time, several cell pairs are
tested stmultaneously. One approach to simultancously test-
ing more than one adjacent cell will now be described with
reference to FIG. 7, where the reference plates 80 are
removed to reveal the active areas of the cells 72 and where
the word lines 74 and digit lines 76 are represented as
narrow lines for clarity of presentation. Each of the cells 72
also 1ncludes two 1ndex numbers 1n an upper corner ndi-
cating the relative location of the cell 72 1n the matrix, where
the first index number 1ndicates the corresponding digit line
76 and the second number represents the corresponding
word line 74 (each starting at “0”). For example, the left
uppermost cell 1s coupled to the first digit line 76 and the first
word line 74. Therefore, the left uppermost cell 1s the 0,0 cell

72.

As shown 1n FIG. 7 and presented 1n step 700 of FIG. 8,
o 1nifiate testing, the memory array 42 i1s prewritten to a
“checkerboard” pattern. In a checkerboard pattern, the cells
72 of the memory array 42 are written 1n an alternating
pattern of high and low voltages, such that each cell 72 of
first voltage level (e.g., V) is surrounded by cells 72 of a
complementary voltage level (e.g., V,.) as represented by
“H” and “L” 1n FIG. 7. For example, the [1,6] cell contains
V7 and is surrounded by the [1,5], [0,7], [1,9], [2,7] cells

that each contain V.

In step 701, after the data are written to the array 42, the
digit lines 76 are equilibrated and the first two word line
signals WLO, WL1 are set high with the sense amplifiers 94
coupled to their respective sets of digit lines 76 through
respective 1solation transistors 100. The voltages of the cells
72 coupled to the first and second word lines 74 are read by
the sense amplifiers 94, thereby driving the non-inverted
digit lines 76 fully low and the mverted digit lines 76 fully
high.

Next, 1 step 702, subsequent even word lines 74 are
activated 1n groups of eight with a short recovery period
after activation of each group. The cells 72 coupled to every
fourth word line 74 (WL0, WL4, WLS, etc.) are pulled low
by the non-inverted digit lines 76 which are driven 1n turn by
the sense amplifiers 94. The cells 72 on these lines do not
significantly load the non-inverted digit lines 76 and sense
amplifiers 94 because both the cells 72 and the non-1nverted
digit lines 76 are already low. A check 1s made at step 703
to determine 1f all of the word lines have been activated. It
not, the process returns to step 702 until all of the word lines
have been activated.

The cells 72 coupled to the remaining even word lines 74
(WL2, WL6, WLI10, ctc.) are pulled high by the inverted
digit lines 76 as driven by the sense amplifiers 94. Pulling
these cells 72 high loads the sense amplifiers 94. However,
the load of each separate group of cells 1s msuilicient to
cause the sense amplifiers 94 to invert, because only four
cells 72 (half of the eight activated word lines 74) are pulled
up by each inverted digit line 76. The recovery period allows
time for the sense amplifiers 94 to charge the digit lines 76
and correct any voltage rises due to loading.
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Once all of the word lines 76 (i.e., all groups) have been
activated, the even word line signals remain high for a
testing period of approximately 64 msec, in step 704, to
allow charge to bleed through any stringers 92 from the high
cells 72 to their adjacent low cells 72. At the end of the
testing period 1n step 706, the data are read from the cells 72
of the odd word lines 74. If any of the data have changed,
an 1ntercell defect 1s 1identified.

One skilled 1n the art will recognize that not all defects
may be 1dentified 1n this portion of the testing. In FIG. 7, for
example, the stringer 92 between the [1,2] cell and the [0,3]
cell will not be identified, because the [1,2] cell 1s pulled
high in step 702 and thus will not pull the [0,3] cell low in
step 704.

After the data are read from the cells 72 of the odd word
lines 74, an “inverse checkerboard” 1s written to the array
42, in step 708. The mverse checkerboard 1s the inverse
pattern of the original checkerboard. That 1s, all of the cells
72 that were V- 1n the original checkerboard become V.~
and all of the cells 72 that were V.. 1n the original
checkerboard become V.

The second even word line 74 (WL.2) is then activated in
step 701 to set the sense amplifiers 94 so that the mnverted
digit lines 76 are low while the non-inverted digit lines 76
are high. The remaining even word lines 74 are then
activated so that every fourth word line 74 mcludes cells 72
that are low and are coupled to low inverted digit lines 76.
After the testing period, data are read from the cells 72 1n the
odd rows 76 to see 1f any of the data have changed.

A check 1s made at step 710 to determine 1f all of the even
rows have been tested. If so, a check 1s made at step 712 to
determine if the test was performed with an odd seed row.
After the even row test, this determination that will be
negative so that the above test procedure 1s repeated starting
with the first odd row because the above procedure only
identifies defects between even rows (row 0, 2, 4, etc.) and
the odd rows (1, 3, §, etc.) to their immediate right. The
above test thus does not identify intercell defects between
odd rows and their immediately adjacent neighbors to the
richt. For example, the above procedure does not identily
defects between the second row (row 1) and the third row
(row 2). When the above procedure is repeated starting with
the first odd row, these defects will be tested. After the test
has been completed using the odd that rows, the procedure
will branch from step 712 to the end.

The above-described procedure involves four testing peri-
ods of 64 msec each. Thus, the total of the testing periods 1s
256 msec as opposed to 262 sec for the approach described
previously. Of course, one skilled 1n the art will recognize
that the actual time savings for the overall testing procedure
will vary depending upon the number of cells 72 tested, the
time required to write data to the cells 72, and the setup time
to set all of the digit lines 76 to the appropriate voltages.

The flowchart of FIG. 9, schematic of FIG. 10, and
diagram of FIG. 11 present another approach in which the
total testing period time 1s reduced even further where the
circuit of FIG. 10 implements this approach with circuitry
not found in FIG. 6. As before, testing begins by writing a
checkerboard pattern to the array 42, in step 800. In step 802,
after the checkerboard 1s written, all of the digit lines 76
(both inverted D and non-inverted D) are tied to a low
voltage 1 a manner which will be described below with
respect to FIGS. 10 and 11. Then, 1n step 804, all of the even
word lines 74 are activated by setting the even word line
signals WLO, WL2, WL4, etc., high. The activated word

lines 74 tie all of the cells 72 1n the even rows to the
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respective digit lines 76 to ensure that any leakage 1nto cells
72 1n even rows 1s removed, thereby maintaining the low cell
voltages. The even word lines 74 are left activated for a test
interval of 64 msec to allow leakage through any stringers
92, 1n step 806. Then, at the end of the 64 msec test interval,
the digit lines 76 are 1solated from the low voltage source 1n
step 808 by deactivating all of the word lines. The digit lines
76 are then precharged and equilibrated to DV(C2, 1n step
810, to prepare for reading. Next, in step 812, the sense
amplifiers 94 are coupled to the digit lines 76 by the 1solation
transistors 100 and data i1s read from each of the cells 72
coupled to each of the odd word lines 74, 1n step 814. Once
all of the data have been read from the cells 72 along the odd
word lines 74, the inverse checkerboard pattern 1s written in
steps 815, 816 and the above-described procedure 1is
repeated by setting all of the digit lines 76 low, activating the
odd word lines, waiting for the test period, and reading data
from the cells 72 coupled to the even word lines 74. One
skilled 1n the art will recognize that the above-described
procedure involves only two testing intervals of 64 msec.
Consequently, the overall waiting time 1s reduced to 128
msec, as compared to 256 msec in the embodiment of FIG.

8.

As noted above, the test procedure of FIG. 9 includes
setting all of the digit lines 76 to a low voltage. Conventional
memory devices typically do not include circuitry designed
to simultaneously set both digit lines D, D in a complemen-
tary pair to a low voltage. Instead, typical memory devices
include precharging and equilibration circuits that set the
inverting and non-inverting digit lines to the precharge

voltage DVC2 which 1s half of V.

FIGS. 10 and 11 show one embodiment of the invention
where the inverting and non-inverting digit lines 76 can be
driven simultaneously to either a high voltage V., the
precharge voltage DVC2, or a reference voltage GND. In the
device 40 of FIG. 10, the I/O interface 56 includes the sense
amplifiers 94, the 1solation transistors 100, an equilibration
circuit 102, and a line driving circuit 104. The sense ampli-
fiers 94 are conventional sense amplifiers including a pair of
PMOS sense transistors 105 and a pair of NMOS sense
transistors 107 cross coupled between the digit lines 76
where the p-sense transistors 105 are driven by the voltage
V -~ and the n-sense transistors 107 are driven by a reference
voltage GND. The 1solation transistors 100 are also conven-
tional NMOS transistors driven by an isolation signal ISO,
to selectively 1solate or couple the digit lines 76, from or to,
their respective sense amplifiers 94. The equilibration circuit
102 1s formed from an NMOS transistor coupled between
the inverting and non-inverting digit lines 76 and driven by
an equilibration signal EQ to equilibrate voltage between
adjacent digit lines 76.

The line driving circuit 104 includes a pair of NMOS
precharge transistors 110 serially coupled between the digit
lines 76 and having their gates driven by the equilibration
signal EQ. Unlike a conventional precharge circuit, the line
driving circuit 104 also includes a variable bias circuit 112
coupled to a node 114 that joins the precharge transistors
110. The variable voltage circuit 112 includes three NMOS
coupling transistors 116, 118, 120 coupled between the node
114 and respective voltage sources. The first coupling tran-
sistor 116 couples the node 114 to the high voltage V. 1n
response to a first test signal TST1. The second coupling
transistor 118 couples the node 114 to a reference voltage
GND 1n response to a second test signal TST2. The third
coupling transistor 120 couples the node 114 to the pre-
charge voltage DVC2 1n response to a normal operation
signal NORM. Thus, the node 114 can be selectively driven
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at the high voltage V., reference voltage GND, or pre-
charge voltage DV(C2 depending on the states of the signals

TST1, TST2, and NORM. Establishment of the signals
TST1, TST2, and NORM will be described below.

During precharging, the test signals TST1, TST2 are both
low so that the node 114 is 1solated from the high voltage
V..~ and the reference voltage GND. The equilibration
signal EQ 1s high so that the equilibration circuit 102 couples
the digit lines 76 to the complementary digit lines 76 to
ensure that the digit lines are at equal voltages. Also, in
response to the equilibration signal EQ, the precharge tran-
sistors 110 couple the node 114 to both of the digit lines 76.
Consequently, both digit lines 76 1in the complementary pair
are driven to the voltage of the node 114.

During step 802 above, the second test signal TST2 1s low
when the equilibration signal EQ 1s high so that the node 114
1s coupled to the reference voltage GND. At the same time,
the first test signal TST1 and normal signal NORM are both
low so that the node 114 1s 1solated from the precharge
voltage DV(C2 and the high voltage V.. Therefore, both the
inverting and non-inverting column lines 76 are driven to the
reference voltage GND during step 802.

During normal operation, the test signals TST1, TST2 are
low and the normal signal NORM 1s high. Consequently, the
node 114 receives the precharge voltage DVC2. The equili-
bration signal EQ then precharges the digit lines to the
precharge voltage DV(C2.

A test condition circuit 122 provides the test and normal
signals TST1, TST2, NORM 1n response to three logic
signals Half Row, EQ__ VCC, EQ__GND from the logic
controller 44 (FIG. 2). When the half-row signal Half Row
1s low, an 1nverter 124 provides a “1” to each of a pair of
NOR gates 126, 127. In response, the upper NOR gate 126
provides a “0” to an inverter 128 and the 1inverter 128 pulls
the gate of the coupling transistor 116 high, turning OFF the
coupling transistor 116. The OFF coupling transistor 116
1solates the node 114 from the high voltage V... The lower
NOR gate 127 provides a low voltage to the coupling
transistor 118, turning OFF the coupling transistor 118 and
1solating the node 114 from the reference voltage GND.

The low half-row signal Half Row directly drives a
NAND gate 130 causing the NAND gate to output a high
voltage. The high voltage turns ON the coupling transistor
120, thereby providing the precharge voltage DVC2 to the
node 114. Thus, when the half-row signal Half_ Row 1s low,
the node 114 receives the precharge voltage DVC2.

When the half-row signal Half Row 1s high, the equal-
1zation signals EQ__VCC, EQ__GND control the node volt-
age. If the upper equalization signal EQ__ VCC 1s high and
the lower equalization EQ__GND 1s low, the upper NOR
cgate 126 receives all “Os” and the coupling transistor 116 1s
ON. At the same time, the coupling transistor 118 1s OFF, so
the node voltage equals the high voltage V... Conversely,
the node voltage will equal the reference voltage when the
upper equalization signal EQ_ VCC 1s low and the lower
equalization signal EQ__ GND 1s high.

In another embodiment of the 1nvention described 1n the
flowchart of FIG. 12, the voltages of the inverting and
non-mverting digit lines 76 are established by the sense
amplifiers 94, as in the embodiment of FIG. 8 rather than the
line driving circuit 104 of FIGS. 10 and 11. Unlike the
embodiment of FIG. 8, the word lines 74 are selectively
activated so that the cells 72 on the even word lines 74 do
not load the sense amplifiers 94.

The test procedure of FIG. 11 1s mmitiated by writing a
checkerboard pattern to the array 42 with the [0,0] cell 72
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containing a high voltage, 1 step 1100. Next, 1n step 1102,
the first word line signal WL0 1s set high to couple the cells
72 1n the first row to the respective non-inverted digit lines
76. In response, the sense amplifiers 94 are triggered to hold
the non-inverted digit lines 76 high and the iverted digit
lines 76 low, 1n step 1104. Then, the odd word lines having
cells coupled to the complementary digit lines D (e.g., WL1,
WLS, WL9, WL13, etc.) are activated in step 1106 to couple
the cells 72 to the corresponding complementary digit lines

76. As can be seen from FIG. 11, each of the cells 72 1n the
activated rows (WL1, WLS, WL9, WL13, etc.) thus contains
a low voltage and 1s coupled to a low complementary digit
line 76 such that any charge leakage through stringers 92
will be removed. The first row 1s thus used as a “seed row”
to set the sense amplifier 94 1n a desired state before
coupling additional cells 72 to the digit lines 76.

The selected word lines are left active for the testing
interval of 64 msec 1n step 1108. At the end of the testing
interval, the word lines 74 all return low to 1solate the cells
from the corresponding digit lines 76 1n step 1110. Before
reading data, a second pass 1s initiated 1n step 1111 and the
digit lines 76 are precharged and equilibrated in step 1112.
Next, the fourth word line 1s selected as the seed row at step
1113 and the fourth word line signal WL3 is set high in step
1102. Once again, the sense amplifier 94 is activated (step
1104), every fourth word line following the seed row (i.e.,
WL7, WLI11, WL15, etc.) is activated (step 1106), the
testing interval elapses (step 1108), and the word lines return
low 1n step 1110.

After the second pass, the data are read from the memory
locations that originally contained data corresponding to
high voltages to determine if the data have changed, 1n step
1114. Next, a check 1s made 1n step 1115 to determine if the
inverse checkerboard test has been completed. If not, data
are written to all of the cells 72 1n an inverse checkerboard
pattern 1n step 1116. The previously described two passes are
repeated and data 1s read out 1n step 1114 to 1dentity defects.
After a determination has been made at step 1115 that data
have been read out the second time, the test procedure ends
in step. 118. As can be seen from the above description, the
test procedure of FIG. 12 includes four test intervals of 64
msec for a total time for test periods of 256 msec.

FIG. 13 1s a block diagram of a computer system 200 that
uses the memory device 40 including the driving circuit 104
of FIGS. 10 and 11. The computer system 200 includes a
processor 210 for performing computer functions, such as
executing software to perform desired calculations and
tasks. One or more 1put devices 214, such as a keypad or
a mouse, are coupled to the processor 210 and allow an
operator (not shown) to manually input data thereto. One or
more output devices 218 are coupled to the processor 210 to
provide to the operator data generated by the processor 210.
Examples of output devices 218 include a printer and a video
display unit. One or more mass data storage devices 220 are
preferably coupled to the processor 210 to store data 1n or
retrieve data from the storage device 220. Examples of the

storage devices 220 include disk drives and compact disk
read-only memories (CD-ROMSs).

From the foregoing 1t will be appreciated that, although
specific embodiments of the invention have been described
herein for purposes of 1illustration, various modifications
may be made without deviating from the spirit and scope of
the mvention. For example, the driving circuit 104 of FIG.
10 can be used with the test procedures of FIGS. 8 or 12.
Similarly, although the sense amplifiers 94 or variable bias
circuit 112 of the exemplary embodiments sustain low
voltages on selected cells 72 and later data 1s read from cells
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72 that originally were at high voltages, one skilled 1n the art
will understand that the voltages can be reversed. That 1s, the
sense amplifiers 94 or variable bias circuit 112 can maintain
a high voltage on selected cells 72 and data can be read from
cells 72 that were originally at low voltages. Accordingly,

the 1nvention 1s not limited except as by the appended
claims.

What 1s claimed 1s:

1. A method of detecting intercell defects 1n a memory
array including a plurality of memory cells coupled to
columns of digit lines responsive to rows of word lines, the
method compromising;:

applying a first voltage to a first digit line 1n each column
of the memory array;

coupling a first set of memory cells to the first digit line
in each column of the memory array, thereby placing
the first voltage on the memory cells 1n the first set;

decoupling the first set of memory cells from the first digit
line 1n each column of the memory arrays;

applying a second voltage to a second digit line 1n each
column of the memory array;

coupling a second set of memory cells to the second digit
line 1n each column of the memory array, thereby
placing the second voltage on the memory cells 1n the
second set being coupled to the second digit line during
a test mterval during which charge may be transferred
through an intercell defect between a memory cell 1n
the first set and a memory cells 1n the second set; and

determining the voltage on the memory cells 1n the first

set.

2. A method of detecting intercell defects in a memory
array including a plurality of memory cells coupled to
columns of digit lines responsive to rows of word lines, the
memory array including a sense amplifier coupled to the
complimentary digit lines for each column, the method
comprising;

energizing the sense amplifier for at least one column of

the memory array;

coupling a first set of memory cells to one of the digit lines
in the column thereby placing a first voltage on the
memory cells 1n the first set;

decoupling the first set of memory cells from the digit
line;

maintaining the sense amplifier energized while coupling
at least one memory cell in a second set of memory
cells to the other digit line of the column during a test
interval, the test interval being of sufficient duration to
allow sufficient charge transferred through an intecell
defect between a memory cell 1n the second set and a
memory cell 1n the first set to alter the voltage on the
memory cell 1 the first set from one logic level to
another; and

determining the voltage on the memory cell 1n the first set.

3. The method of claim 2 wherem the act of coupling at
least on memory cell 1n a second set of memory cells to the
other digit line of the column during a test interval comprises
coupling a plurality memory cells 1in a second set of memory
cells to the other digit line of the column.

4. A method of testing a memory array having a plurality
of memory cells arranged 1n rows and columns, the method
comprising:

placing a first voltage on a plurality of memory cells 1n a
first set;

coupling a plurality of the memory cells 1n the first set to
cach other;
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placing a second voltage on a second memory cell that 1s
adjacent to one of the memory cells 1n the first set, the
second voltage being different from the first voltage;

leaving the memory cells 1n the first set coupled to each
other for a period to allow charge to leak from one
adjacent memory cell to the other through any intercell
defect between the adjacent memory cells, the period
being of sufficient duration for the voltage on the
second memory cell to change to a voltage that 1s closer
to the first voltage than it 1s to the second voltage; and

determining the voltage on the second memory cell.

5. The method of claim 4, wherein the act of coupling a
plurality of the memory cells 1n the first set to each other
comprises coupling a plurality of the memory cells 1n the
first set to each other through a digit line.

6. The method of claim 5§, whereimn the memory array
comprises a plurality of word lines that are activated to
couple respective rows of memory cells to a digit line, and
wherein the act of coupling a plurality of the memory cells
in the first set to each other further comprises simultaneously
activating a plurality of the word lines.

7. The method of claim 4, wherein the act of placing a
second voltage on a second memory cell comprises writing
a bit of data to the second memory cell, and wherein the act
of determining the voltage on the second memory cell
comprises reading a bit of data from the second memory
cell.

8. A method of testing a memory array having a plurality
of memory cells arranged 1n rows and columns, the method
comprising:

placing a first voltage on a first memory cell and then

1solating the first memory cell from the first voltage;

continuously coupling a second memory cell to a second
voltage that 1s different from the first voltage, the
second memory cell being adjacent the first memory
cell so that charge can leak from one adjacent memory
cell to the other through any intercell defect between
the first and second memory cells, the second memory
cell being coupled to the second voltage being for a
period of suflicient duration for the voltage on the first
memory cell to change as a result of the intercell defect
to a voltage that 1s closer to the second voltage than it
1s to the first voltage; and

determining the voltage on the first memory cell.

9. The method of claim 8, wherein the act of continuously
coupling the second memory cell to the second voltage
COMprises:

continuously coupling the second memory cell to a digit
line, the digit line being coupled to a sense amplifier;
and

continuously activating the sense amplifier so that the
sense amplifier continuously applies the second voltage
to the digit line.

10. The method of claim 9, wherein the memory array
includes a plurality of word lines that are activated to couple
respective rows of memory cells to the digit line, and
wherein the act of continuously coupling the second
memory cell to the second voltage further comprises con-
tinuously activating the word line for the second memory
cell.

11. The method of claim 8§, wherein the memory array
includes a plurality of complimenary digit line pairs coupled
to respective sense amplifiers, and a plurality of word lines
that are activated to couple respective rows of memory cells
to one of the digit lines, and wherein the acts of placing a
first voltage on a first memory cell and then 1solating the first
memory cell from the first voltage comprise:

10

15

20

25

30

35

40

45

50

55

60

65

14

activating at least one of the sense amplifiers to place the
first voltage on the digit line;

activating one of the word lines to couple the first voltage
on the digit line to the first memory cell; and

deactivating the word line to 1solate the first memory cell
from the digit line.
12. A memory device, comprising,

a memory array having a plurality of memory cells
arranged 1n rows and columns;

a pair of complimentary digit lines for each column of
memory cells;

a sense amplifier coupled to each pair of complimentary
digit lines;

an access transistor coupled between each memory cell
and one of the digit lines for the respective pair of digit
lines;

a word line coupled to the access transistors 1n a respec-
tive row, the word line, when activated, causing the
access transistors 1n the respective row to couple a
respective memory cell to the digit line to which it 1s
coupled; and

a logic controller coupled to the sense amplifiers and the
word lines, the logic controller unit being operable to:

place a first voltage on a plurality of memory cells 1n a
first set;

couple a plurality of the memory cells 1n the first set to
each other;

place a second voltage on a second memory cell that 1s
adjacent to one of the memory cells 1n the first set, the
second voltage being different from the first voltage;

leave the memory cells 1n the first set coupled to each
other for a period to allow charge to leak from one
adjacent memory cell to the other through any intercell
defect between the adjacent memory cells, the period
being of sufficient duration for the voltage on the
second memory cell to change to a voltage that 1s closer
to the first voltage than 1t 1s to the second voltage; and

determine the voltage on the second memory cell.

13. The memory device of claim 12, wherein the logic
controller 1s operable to couple a plurality of the memory
cells 1n the first set to each other by coupling a plurality of
the memory cells 1n the first set to each other through one of
the digit lines.

14. The memory device of claim 13, wherein the logic
controller 1s operable couple a plurality of the memory cells
in the first set to each other further by simultaneously
activating a plurality of the word lines.

15. The memory device of claim 12, wherein the logic
controller 1s operable to place a second voltage on a second
memory cell by writing a bit of data to the second memory
cell, and wherein the logic controller 1s operable to deter-
mine the voltage on the second memory cell by reading a bat
of data from the second memory cell.

16. A memory device, comprising,

a memory array having a plurality of memory cells
arranged 1n rows and columns;

a pair of complimentary digit lines for each column of
memory cells;

a sense amplifier coupled to each pair of complimentary
digit lines;

an access transistor coupled between each memory cell
and one of the digit lines for the respective pair of digit
lines;

a word line coupled to the access transistors in a respec-
tive row, the word line, when activated, causing the
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access transistors 1n the respective row to couple a
respective memory cell to the digit line to which it 1s
coupled; and

a logic controller coupled to the sense amplifiers and the
word lines, the logic controller unit being operable to:

place a first voltage on a first memory cell and then 1solate
the first memory cell from the first voltage;

continuously couple a second memory cell to a second
voltage that 1s different from the first voltage, the
second memory cell being adjacent the first memory
cell so that charge can leak from one adjacent memory
cell to the other through any intercell defect between
the first and second memory cells, the logic controller
being operable to couple the second memory cell to the
second voltage for a period of sufficient duration for the
voltage on the first memory cell to change as a result of
the intercell defect to a voltage that 1s closer to the
second voltage than it 1s to the first voltage; and

determine the voltage on the first memory cell.

17. The memory device of claim 16, wherein the logic
controller 1s operable to continuously couple the second
memory cell to the second voltage by:
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continuously coupling the second memory cell to a digit

line, the digit line being coupled to a sense amplifier;
and

continuously activating the sense amplifier so that the
sense amplifier continuously applies the second voltage
to the digit line.

18. The memory device of claim 17, wherein the logic
controller 1s operable to continuously couple the second
memory cell to the second voltage by continuously activat-
ing the word line for the second memory cell.

19. The memory device of claim 16, the logic controller
1s operable to place a first voltage on a first memory cell and
then 1solate the first memory cell from the first voltage by:

activating at least one of the sense amplifiers to place the
first voltage on the digit line;

activating one of the word lines to couple the first voltage
on the digit line to the first memory cell; and

deactivating the word line to 1solate the first memory cell
from the digit line.
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Column 9,
Line 5, "92, 1n step 806." should read -- 92 1n step 806. --
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Line 52, "recerves all "Os"" should read -- receives all "0s" --
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Line 29, "and a memory cells" should read -- and a memory cell --
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Line 62, "complimentary digit" should read -- complementary digit --
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